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ABSTRACT 
 
 
 
 
Phenolic resin waste contains harmful chemical compounds such as phenol, 
urea, and formaldehyde that need to be treated before disposal. In this study, a series 
of cyanamide modified Fe2O3 was prepared from FeCl2.4H2O as the iron precursor 
and cyanamide (CYA) as the carbon and nitrogen source. The cyanamide modified 
Fe2O3 was used for photocatalytic removal of phenol in the mixture of phenol-urea-
formaldehyde. X-ray diffractometry patterns showed the formation of Fe2O3 peak. 
The peak intensity decreased with the increased of cyanamide mol ratio. The addition 
of cyanamide decreased the band gap energy of Fe2O3, showing that carbon and 
nitrogen-based material might act as a dopant. The presence of carbon species was 
confirmed by diffuse reflectance UV-visible and Fourier transform infrared 
spectroscopy, as well as thermogravimetric analysis, especially on sample with high 
mol ratio of cyanamide precursor. Photoluminescence study revealed that addition of 
low mol ratio of cyanamide successfully decreased the electron-hole recombination, 
while the addition of high mol ratio of cyanamide might block the emission sites of 
Fe2O3. Scanning electron microscope images of the samples also confirmed that 
samples with high mol ratio of cyanamide have a flake-type structure that coated the 
surface of Fe2O3. In the photocatalytic removal of phenol both under UV and visible 
light irradiation, all prepared samples gave better photocatalytic activity than the 
bulk Fe2O3. The best activity was achieved on Fe2O3-CYA(6) catalyst with the mol 
ratio cyanamide to iron precursor of 6, in which the percentage of phenol removal 
was 75 and 80% under UV and visible light, respectively. The high activity would be 
due to the success suppression of electron-hole recombination, decrease of the band 
gap energy, and the good interaction between phenol and emission sites of Fe2O3-
CYA(6) catalyst, as supported by the fluorescence quenching study. The 
photocatalytic activity for phenol removal decreased in the presence of urea, 
formaldehyde, and urea-formaldehyde since there were adsorption competition as 
well as reaction competitions, such as oxidation of formaldehyde and formation of 
phenolic resin. 
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ABSTRAK 
 
 
 
 
Sisa resin fenolik mengandungi kandungan bahan kimia merbahaya seperti 
fenol, urea dan fomaldehid yang perlu dirawat sebelum dibuang. Dalam kajian ini, 
suatu siri ferum(III) oksida (Fe2O3) terubahsuai sianamida telah disediakan daripada 
FeCl2.4H2O sebagai pelopor ferum dan sianamida (CYA) sebagai sumber karbon dan 
nitrogen. Ferum(III) oksida terubahsuai sianamida digunakan untuk 
fotopemangkinan penyingkiran fenol dalam campuran larutan fenol-urea-
formaldehid. Corak teknik pembelauan sinar-X menunjukkan pembentukan Fe2O3, di 
mana keamatan puncak berkurang dengan meningkatnya nisbah mol sianamida. 
Pertambahan sianamida mengurangkan tenaga ruang jalur Fe2O3, menunjukkan 
bahawa bahan berasaskan karbon dan nitrogen berkemungkinan bertindak sebagai 
dopan. Kehadiran spesies karbon telah disahkan dengan menggunakan pantulan 
serakan ultra lembayung-cahaya nampak dan spektroskopi inframerah transformasi 
Fourier, serta analisis termogravimetri terutama pada sampel dengan nisbah mol 
sianamida yang tinggi. Kajian pendarcahaya menunjukkan bahawa pertambahan 
nisbah mol sianamida yang rendah berjaya mengurangkan penggabungan semula 
elektron-lubang, sementara penambahan nisbah mol sianamida dalam jumlah yang 
tinggi berkemungkinan menyekat tapak pemancaran Fe2O3. Imej sampel daripada 
mikroskop pengimbas elektron juga telah mengesahkan bahawa sampel dengan 
nisbah mol sianamida yang tinggi mempunyai struktur berbentuk kepingan yang 
menyaluti permukaan Fe2O3. Dalam fotopemangkinan penyingkiran fenol di bawah 
sinaran UV dan cahaya nampak, semua sampel memberikan aktiviti 
fotopemangkinan yang lebih baik daripada Fe2O3 pukal. Aktiviti terbaik diberikan 
oleh mangkin Fe2O3-CYA(6) dengan nisbah mol sianamida kepada ferum 6, yang 
memberikan peratusan penyingkiran fenol masing-masing 75 dan 80% di bawah 
cahaya UV dan cahaya nampak. Aktiviti yang tinggi oleh mangkin ini disebabkan 
kejayaan penyekatan elektron-lubang, pengecilan aras jalur tenaga dan interaksi yang 
baik antara fenol dan tapak pemancaran mangkin Fe2O3-CYA(6), seperti yang 
disokong dalam kajian pelindap kejutan pendarfluor. Aktiviti fotopemangkinan untuk 
penyingkiran fenol menurun dengan kehadiran urea, formaldehid dan urea-
formaldehid kerana terdapat persaingan penjerapan dan juga persaingan tindak balas 
seperti pengoksidaan formaldehid dan pembentukan resin fenolik.  
